African star apple is a good source of vitamin C and antioxidants. The choice of method for preserving its antioxidant properties is a major decision. The aim of this study was to determine the proximate composition, physical properties, total monomeric anthocyanins contents, vitamin C and antioxidant capacity of different parts (the pulp, the seed, and the peel) of the African star apple fruit depending on the method of preservation in the process of freezing, and oven air drying. During oven air drying and freeze drying, losses of vitamin C as compared with fresh fruit parts resulted averagely in 67% and 13% respectively for the seeds, 19% and 4% for the pulp. Freeze drying process was characterized as the best preservation method to contain relative amount of anthocyanins, vitamin C and antioxidants.
INTRODUCTION
Several investigations have been conducted on fresh fruits and they have been shown to be a major source of dietary fibers, minerals as well as important vitamins such as vitamin C and vitamin E (Ibrahim et al., 2017) . The health benefits associated with consumption of those foods are mainly attributed to their phytochemicals, especially polyphenolic compounds (Dauchet et al., 2006; Joshipura et al., 2001) . Prevention experts in chronic noncommunicable diseases such as coronary heart disease, cancer, stroke, recommended that consumption of fruits and vegetables should most time be in an amount not less than 400 g daily per person (Pomerleau et al., 2005) .
African star apple (Chrysophyllum albidium) is an indigenous and edible tropical fruit plant that belongs to the family Sapotaceae and usually classified as a wild plant. C. albidium is seasonal, usually between December and March. It is glaborous when ripe, globose, pointed at the apex, and up to 2 to 4 inches in diameter (Boning, 2006) . C. albidium is associated with the dry season and commonly found throughout tropical Africa, in various eco zones in the Central, Eastern and Western Nigeria, Uganda, Ghana, Niger, Cameroon, and Cote d'Ivoire (Ibrahim et al., 2017) .
In Ghana it is popularly called Alasa. In Nigeria, the fruit is known as "Agbalumo" by the Yorubas, "Utieagadava'' by the Urhobo, ''Ehya'' by the Igalas, ''Agwaluma'' by the Hausas and it is called "Udara" by the Efik, Ibibio and other parts of South Eastern Nigeria. Its rich sources of natural antioxidants have been established to promote health by acting against oxidative stress related diseases such as diabetics, cancer and coronary heart diseases (Burits and Bucar, 2000) .
Chrysophyllum albidium has recently received considerable attention, not only due to its taste but mainly due to its high antioxidant capacity, presence of polyphenols, vitamin C and potential health benefits (Lichtenthaler et al., 2005; Manganaris et al., 2014) . Its pectin value is high (Ige and Gbadamosi, 2007) and thus suggested for its various medicinal purposes, which include reduction in plasma cholesterol level, rate of sugar uptake as well as its detoxifying action and effectiveness in diarrhea therapy (Hulme, 1970) .
The fruit has a high nutritional value and is rich in polyphenolic compounds (Lichtenthaler et al., 2005; Menezes et al., 2008b; Schauss et al., 2006) . Phenolic compounds are responsible for major organoleptic characteristics of plant-derived foods and beverages, particular taste and color properties. Polyphenols can prevent cardiovascular diseases effectively (Andrzejewska et al., 2017) . Iron and vitamin C are both micronutrients that are prevalent in the fruit pulp and an excellent source of raw material for industries. Flavors and appearance of berries and their various products are strongly influenced by vitamin C and the anthocyanins which are both important fruit quality indicators. These anthocyanins also possess the high resource potential of plants and natural pigments (Szaloki-Dorko et al., 2015) . Tannin, terpenoids, protein, flavonoids, resins and carbohydrates are the phytochemicals reported to be present in Chrysophyllum albidium (Luo et al., 2002) . The tree bark of C. albidium has been observed to cure malaria and fever, the skin when consumed cures or reduces blood sugar, cholesterols and to cure heart diseases. The leaves are most times used to cure stomach ache and diarrhea, and the seeds contain more antioxidants used to cure diabetes and cancers and as well contain more phytochemicals, tannins, calcium, and phosphorus (Einbond et al., 2004) . Berries are generally perishable, and due to the seasonal period of harvest, they must be preserved. Chemical composition of berries largely depends on the plant age, harvest time (Andrezejewska et al., 2017) , and the preservation methods (Manganaris et al., 2014) .
One of the most efficient ways to preserve foods is by drying. Drying reduces product's water activity, which inhibits microbial growth and decreases degradative reactions, resulting in higher stability. Besides, drying results in substantial volume reduction, this facilitates transport and storage (Marques et al., 2009; Maskan, 2001) . Hot-air drying is the most extensively used drying method. The process consists of blowing a stream of hot air on top of the product, which results in moisture evaporation. This is the commonest drying method; however, the method involves high temperatures and long processing times, which are known to damage nutritional and sensory properties of foods (Ratti, 2001) . Dehydrated African star apple is currently primarily being produced by freeze drying. Freeze dried products are known to have high component quality, since the technique preserves bioactive compounds, color, texture and flavor.
The primary aim of the study is to determine the effect of freeze-drying on the content of vitamin C, total monomeric anthocyanins, and value of the antioxidant capacity of the African star apple, relative to those preserved by oven air drying.
MATERIAL AND METHODS

Sample source
The healthy fruits of Chrysophyllum albidium were 
Sample preparation
The fruits were thoroughly washed with water to remove extraneous materials such as dirt. Analysis of the fresh fruits was carried out at Federal University, Oye-Ekiti, Food Analysis Laboratory within 6 hours after collection, and the fruits were separated into pulp, skin, seed and juice and the rest of the analysis were made just after processing and after a 2-month storage period. The preserved samples were stored in the conditions similar to those like in food processing industry and trade: frozen fruits at -18 0 C but dried. Each separate fruit samples were mixed into a homogenous pulp, from which weighed samples were collected for testing the content of anthocyanins and samples for determination of the content of vitamin C were collected and prepared separately.
Oven drying
The samples were divided into two portions. The first portion was oven dried at 55 0 C for 12 hours. The samples were milled and sieved using laboratory sieve (315 micron mesh size). The samples were packed in air tight container for further analysis.
Freeze drying
The second portion of the samples was freeze dried. The samples were placed in the freeze-dryer for 12 hours at 4 0 C. Samples were milled and stored in air tight container for further analysis.
Physical properties analysis
The whole fruit shape is shaped like an oval and it has pointed tip (apex). Several physical characteristics like number of seeds per fruits were estimated using counting methods. The volume and the weight of the fruit and its parts were determined using water displacement method and electronic weighing balance respectively. The natural repose position of its height and its diameter at the base were measured with vernier calipers.
Chemical analysis
Moisture
Moisture content was determined by the standard AOAC (2000) official method by drying 1 g (W1) of the sample in a hot air-oven (Uniscope, SM9053, England) at 105 ± 1 0 C until constant weight (W2) was obtained, the samples were removed from the oven, cooled in a dessicator and weighed. The results were expressed as percentage of dry matter as shown in equation below:
Where; M.C = moisture content (%), w1 = mass of sample before drying (g) and w2 = mass of sample after drying (g).
Ash
Ash content was determined by the official AOAC (2000) method using the muffle furnace (Carbolite AAF1100, United Kingdom). Two grams (W3) of the sample was weighed into already weighed (W2) ashing crucible and placed in the muffle furnace chambers at 700 0 C until the samples turned into ashes within 3 hours. The crucible was removed, cooled in a desiccator and weighed (W1). Ash content was expressed as the percentage of the weight of the original sample as shown in equation below:
Where: Ac = Ash content (%), W1 = mass of crucible + ash (g), W2 = mass of empty crucible (g) and W3 = mass of sample (g).
Protein
The total protein was determined using the Kjeldahl method (AOAC, 2000) . Ground sample (0.20 g) was weighed into a Kjeldahl flask. Ten milliliters of concentrated sulphuric acid was added followed by one Kjeltec tablet (Kjeltec-Auto 1030 Analyzer, USA). The mixture was digested on heating racket to obtain a clear solution. The digestate was cooled, and made up to 75 ml with distilled water and transferred onto kjeldahl distillation set up followed by 50 ml of 40% sodium hydroxide solution, the ammonia formed in the mixture was subsequently distilled into 25 ml, 2% boric acid solution containing 0.5 ml of the mixture of 100 ml of bromocresol green solution (prepared by dissolving 100 mg of bromocresol green in 100 ml of methanol) and 70 ml of methyl red solution (prepared by dissolving 100 mg of methyl red in 100 ml methanol) indicators. The distillate collected was then titrated with 0.05M HCL. Blank determination was carried out by excluding the sample from the above procedure: Cp = 1.401 × M × F(ml titrant − ml blank) sample weight
Where: Cp = Crude protein (%), M = Molarity of acid used = 0.05 ( ) and F = kjeldahl factor = 6.25 (-).
Crude fibre
Crude fibre was determined by AOAC (2000) using 2 g (W3) of sample. About 200 ml of 1.25 % (v/v) sulphuric acid was added and the flask was placed on a hot plate and boiled for 30 min. The content was filtered using filter paper (Whatman No.1) and the residue on the filter paper was washed with 50 to 70 ml distilled water. The washed residue was transferred back into the flask and about 200 ml 1.25 % (w/v) NaOH was added and boiled for 30 min.
The content was then filtered as described earlier and the residue obtained was washed with distilled water and then filtered again using filter paper (Whatman No.1). The residue was then transferred to an ashing dish and dried at 130 0 C for 2 hours, cooled in a desiccator and weighed (W1). This was then ashed at 550 0 C inside the muffle furnace chamber (Carbolite AAF1100, United Kingdom) for 30 min, cooled and reweighed (W2). The ash obtained was subtracted from the residue and the difference expressed as percentage of the starting material as shown in equation below:
Where: Cf = Crude fibre (%), W1 = mass of crucible with the dried residue (g), W2 = mass of crucible with the ash (g) and W3 = mass of sample (g).
Ether extract
Crude fat was determined by the AOAC (2000) method using soxhlet apparatus (Sunbim, India). Approximately 5 g (W3) of the ground sample was placed into a thimble which was placed inside soxhlet extractor and n-hexane was poured into a pre-weighed round bottom flask (W2), and extracted with n-hexane, poured into a round bottom flask of known weight (W2), used to extract the oil from the sample. The extraction was carried out for about 6 hours. The solvent was removed from the extracted oil by distillation. The oil in the flask was further dried in a hot-air oven at 90ºC for 30 minutes to remove residual organic solvent and moisture. This was cooled in a desiccator and flask and its content weighed (W1). The quantity of oil obtained was expressed as percentage of the original sample use as shown in equation (iii) given below:
Where: W1 = weight of flask + oil, W2 = weight of empty flask and W3 = weight of sample.
Carbohydrate
Carbohydrate was expressed as a percentage of the difference between the addition of other proximate chemical components and 100% as shown in equation below:
Carbohydrate = 100 -(protein + crude fat + ash + fibre + moisture)
Extraction for antioxidant properties
Five grams of each sample was dissolved in 100 ml of distilled water and stirred for 30 minutes. The suspension was centrifuged for 30 minutes at 3500 x g. The clear extract was kept in the refrigerator at 4 0 C for further analysis.
Determination of total phenolic content (TPC) of the extract
The determination of the total phenolic content of the extract was carried out using Folin Ciocalteu's phenol reagent reaction as described by Singleton et al. (1999) . The calibration curve solutions were prepared by pipetting 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of garlic acid standard solution (1.0 mg/ml garlic acid) in triplicates into clean dried test tubes. The sample was prepared by dissolving 10 mg of the extract in 10 ml of distilled water (mg/ml) to make stock sample solution. From the stock, 0.2 ml each of 1 mg/ml was pipetted into clean dry test tubes in triplicates. The test tubes (including standard and samples) were made up to 1.0 ml with distilled water. To each of the testtube was added 1.5 ml of diluted (1:4 v/v) Folin-Ciocalteu's reagent, incubated at room temperature for 5 mins followed by the addition of 1.5 ml of 10% (w/v) NaHCO3 solution to give a total volume of 4.0 ml. The reaction mixtures were further incubated for additional 90 minutes and the absorbance was read at 725 nm against a blank in a spectrophotometer (INESA, 75N UV-VIS Spectrophotometer, England) containing all reagents except the standard curve was obtained by plotting absorbance against the concentration. The concentration of the phenolic extract was extrapolated from the standard curve and expressed as milligram gallic acid equivalent per g of extract taking into consideration the dilution factor of the samples (mg GAE/g extract). The value extrapolated from the standard curve gave the concentration in µGgae/ml. The concentration in mg nGAE/g extract was obtained using the equation below:
TPC ( mgGAE g ) = μgGAE x 1 mg x mL of Solvent used in dissolving the sample x dilution factor mL x 100μg x mass of the sample used
Determination of total flavonoid content
The concentration of the flavonoids in the extract was determined spectrophotometrically according to the procedure of Sun et al., (1999) . The extract (0.01 g) was dissolved in 5 ml of methanol and made up to 20 ml to give a final concentration of 0.5 mg/ml. To clean dry test tubes (in triplicate) was pipetted 0.2 ml of working solution of the sample and diluted with 4.8 ml distilled water. To each test tube was added 0.3 ml of 5% (w/v) NaNO2, 0.3 ml of 10% AlCl3 and 4 ml of 4% (w/v) NaOH. The reaction mixtures were incubated at room temperature for 15 min. the absorbance was read at 500 nm against reagent blank containing all reagents except the extract or standard solution in the case of standard curve solutions. The standard calibration curve was prepared by pipetting 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 ml of 1 mg/ml catechin (1mg/ml of CATECHIN standard solution) into clean dry test tubes. The volumes were made up to 5 ml with distilled water. To each of the test tubes was added 0.3 ml of 5% (w/v) NaNO2 and 0.3 ml of 5% (w/v) NaOH. The reaction mixture was incubated at room temperature for 15 min. Absorbance was taken at 500 nm and was plotted against the concentration to give the standard calibration curve. The concentrations of the flavonoids in the extract was extrapolated from standard calibration curve and expressed as milligram catechin equivalent per g of extract (mg CAT/g extract). The value extrapolated from the standard curve gave the concentration in µg CAT /ml. The concentration in mgGAE/g extract was obtained using the equation below: mgCAT g extract = μgCAT x 1 mg x mL of Solvent used in dissolving the sample x dilution factor mL x 100μg x mass of the sample used
Determination of antioxidant properties
Antioxidant activity by 2, 2-diphenyl-2-picrylhydrazyl hydrate (DPPH) assay
The radical scavenging activity of the extract was determined using the stable radical DPPH (2, 2-diphenyl-2-pieryhydrazyl hydrate) as described by Pownall et al. (2010) . The calibration curve solutions were prepared by pipetting 0.2, 0.4, 0.6, 0.8 and 1.0 mL of ascorbic acid standard solution (1.0 mg/mL ascorbic acid) in triplicates into clean dried test tubes. Ten milligram (10 mg) of the extract was dissolved in 10 mL of methanol to make 1 mg/mL. Two hundred micro liters (200 µL) of the sample extract were pipetted into clean dried test-tubes in triplicates and made up to 1 mL with methanol (1:4 v/v dilution). To 1 ml of the extract and standard concentration prepared was added 1 mL of 0.3 mM DPPH in methanol. The mixture was mixed and incubated in the dark for 30 minutes. The change in color from deep violet to light yellow was measured spectrophotometrically (INESA, 752N UV-VIS Spectrophotometer, England, England) at 517 nm against DPPH control containing only 1 mL methanol in place of the extracts. The percentage of inhibition was calculated as followings:
Where Acontrol is the absorbance of control reaction (containing all reagents except the test compound), and Asample is the absorbance of test compound.
Antioxidant activity by ferric reducing antioxidant power (FRAP)
The principle of FRAP method was based on the reduction of a colorless ferric tripyridyltriazine complex to its blue ferrous colored form due to the donation of electron by antioxidant compounds. The ferric reducing antioxidant power (FRAP) assay was carried out according to the method of (Benzie and strain, 1999) . A 300 mmol/L acetate buffer of pH 3.6 (3.1g of sodium acetate and16 mL of glacial acetic acid were placed inside 1000 mL standard flask and then made up to the mark with distilled water), 10 mmol/L of 2, 4, 6-tris (2-pyridyl)-1, 3, 5-triazine, (3.1 mg/mL in 40 mmol/L HCl) and 20 mmol of ferric chloride were mixed together in the ratio 10:1:1 respectively to give the FRAP working reagent. Ascorbic acid calibrated solutions (0.0, 20.0, 40.0, 60.0, 80.0 and 100.0 μg/mL) were prepared and 50 μL of each pipetted into separate text tubes. Sample (10 mg) each was weighed into 10 mL standard flask dissolved and made up to the mark with distilled water and mixed. 50 µL aliquot of each was pipetted into test tube. FRAP reagent (1.0 mL) was added to the standards, crude extract, and blank (prepared by replacing extract and standard with distilled water). The Absorbance of each of the coloured solutions was taken at 593 nm exactly 10 mins after mixing. Ascorbic acid calibrated curve was obtained by plotting absorbance of the standard against concentration and FRAP was obtained from the curve by extrapolation. The ferric reducing antioxidant power was expressed as mg Ascorbic acid equivalence per gram of extract (mg AAE/ g extract).
Antioxidant activity by metal chelating ability assay
The metal-chelating assay of the extracts was carried out according to the method of Singh and Rajini (2004) . Solutions of 2 mM FeCl2 4H2O and 5 mM ferrozine was diluted 20 times (1 ml of each of the solutions made up to 20 ml with distilled water separately). Ethylene diamine tetra acetic acid (EDTA) calibration curve solutions were prepared by pipetting 6.25, 12.50, 25.00, 50.00 and 100.00 mg/ml of the standard solution into test tubes. Solution of the extracts was prepared by dissolving 1g of the polyphenol extracts in 10 ml of distilled water (100 mg/ml). Two hundred microliter of the solution was pipetted and made up to 1 ml with distilled water. To the prepared extracts and standard solutions was added 1 ml FeCl2 4H2O. After 5 min incubation, the reaction was initiated by the addition of 1 ml of ferrozine. The mixture was shaken vigorously and after a further 10 min incubation period, the absorbance of the solution was measured spectrophotometrically (INESA,  752N UV-VIS Spectrophotometer, England) at 562 nm. The percentage inhibition of ferrozine-Fe +2 complex formations was calculated using the formula:
Where Acontrol = absorbance of control sample (the control contains 1 mL each of FeCl2 and ferrozine, complex formation molecules) and Asample = absorbance of sample.
Antioxidant activity by ferric reducing antioxidant power (FRAP)
The ferric reducing antioxidant power (FRAP) assay was carried out according to the method of Benzie and Strain (1999) . A 300 mmol/L acetate buffer of pH 3.6, 10 mmol/L of 2,4,6-tris (2-pyridyl)-1, 3, 5-triazine, (3.1 mg/mL HCL) and 20 mmol of ferric chloride were mixed together in the ratio 10:1:1 respectively to give the working FRAP reagent. Ascorbic acid calibrated solutions (20.0, 40.0, 60.0, 80.0 and 100.0 µg/mL) were prepared and 50 µL of each pipetted into separate test tubes. Polyphenol extract (10 mg) was weighed into 10 mL standard flask and made up to the mark with distilled water. One hundred microliter (100 µL) of the extract was pipetted into clean test tubes and made up to 1 ml. FRAP reagent (1.0 mL) was added to the standards, extract and blank (prepared by replacing extract with distilled water). The solution was mixed together and incubated for 10 min. The Absorbance of each of the coloured solutions was taken at 593 nm in a spectrophotometer (INESA,  752N UV-VIS Spectrophotometer, England) and ascorbic acid calibrated curve was obtained by plotting absorbance of the standard against concentration. The FRAP of the extract was obtained from the curve by extrapolation. Ferric reducing antioxidant power (FRAP) was expressed as microgram Ascorbic acid equivalence per gram of extract (µg AAE/ g extract).
Anthocyanins content
The content of monomeric anthocyanins was determined with the Fuleki and Francis method, consisting in determination of a difference in absorbance of two buffer solutions with pH 1 and pH 4.5 at wavelengths of 510 and 700 nm according to Giusti and Wrolstad (2001) . The initial material was 2 g of pulp, from which anthocyanins were extracted with a mixture of ethanol with HCl (85:15 0.1 N HCl). The results of the study were given in conversion to cyanidin-3-glucoside.
Vitamin C content
The vitamin C content was analyzed with the Till-man's method using the reagent 2,6-dichlorophenol-indophenol. Immediately after obtaining the sample, a random handful of fruits was fragmented in a ceramic mortar and after thorough titration, 1 g of studied pulp was separated. Because titration is a very sensitive method, it was performed by the same team at the same lighting conditions.
Statistical/data analysis
All analyses were performed in triplicates. The results were elaborated statistically with the analysis of variance (ANOVA) using the software STATISTICA 10 (StatSoft, Tulsa, OK, USA). Due to the necessity of meeting the condition of uniformity of results, the analysis of variance was performed separately for fresh and frozen fruits and for dried fruits. The significance of differences was assessed using Turkey's test at p ≤ 0.05.
RESULTS
Proximate analysis was carried out on African star apple (Chrysophyllum albidium) to know the nutritional significance of the fruit parts. Results of physico-chemical analyses of the fresh fruit, freeze-dried and oven dried fruit parts of C. albidium are summarized in Table 1 .
The moisture content values of the fresh fruit ranged from 57.4 (peel) to 69.0% (pulp). The freeze-dried sample had its moisture ranged between 3.96 to 6.74%. The peel showed the lowest moisture content value (3.96%) for the freeze dried samples and this value was significantly different from that of the pulp (6.74%). For the oven dried samples, the pulp also reviewed to contain the highest moisture content (7.18%) while the peel reviewed to contain the lowest moisture (5.31%) and these values were similar to one another. Crude ash content was lowest in the oven dried pulp sample (2.70%) and was highest in the freeze dried peel (4.30%) sample after drying for 72 hours. The fats value ranged from 2.12 to 7.04% for the oven dried samples. Fat contents were lowest in the peel (2.33%) and highest in the seed (7.99%) for freeze-dried seeds but the fresh sample part (pulp) was noted to be the highest. The carbohydrate and the crude fibre were found Oladimeji 27 to be high in the oven dried peel (79.73% and 6.29%) respectively. The protein content in the fresh fruit ranged between 6.4 and 8.2% and the protein was high in the fresh fruit pulp (8.2%). The freeze dried samples contained protein content ranged from 3.51 to 7.06% and the oven dried samples contained protein content ranged between 2.90 (peel) to 6.24% (seed).
The results of the physical properties of the fruit and its parts are shown in Table 2 . The whole African star apple fruit weight ranged between 31.2 and 57.5 g. The range of values of the height, surface area, bulk density and the diameter of the fruits were 4.3 to 5.2cm, 58.9 to 72.7 cm 2 , 1.6 to 2.0 g/cm 3 and 4.2 to 5.3 cm respectively. The volume of the fruit was found to be between 25.1 and 48.2 cm 3 . The seed (about five) constituted between 24.2 and 27.7 g of the fruit while the pulp and the peel constituted between 52.6 and 55.2 g and 19.7 and 22.5 g respectively. Table 3 shows the results of vitamin C contents in the African star apple (C. albidium) along its hours for both freeze and oven drying. From the results, the African star apple sample contained low vitamin C content as the freeze dried samples ranged from 0.087 to 0.966 mg/g. The oven dried samples had vitamin C contents (seed; 0.033 mg/g, pulp; 0.810 mg/g, peel; 0.533 mg/g). The vitamin C content was highest in the oven dried pulp sample and lowest in the oven dried seed sample.
Result of antioxidant properties, total flavonoid content of the fruit parts are presented in Table 4 . Total phenolic content in the freeze dried samples ranged from 315.62 mg/GAE/100g to 1057.50 mg/GAE/100g. TPC in the pulp after drying for 72 hours was found to be the highest (1057.50 mgGAE/100g) among all other fruit parts. TPC in the oven dried samples were noted as seed; 279.79, pulp; 690.99, peel; 308.30 mgGAE/100g respectively. TPC was found to be lowest in the oven dried seed (279.79 mg/GAE/100g).
Both the freeze dried and oven dried samples parts of the African star apple contained similar values of FRAP content, but the pulp and seed recorded significant amount. The freeze dried samples had FRAP content ranged from 124.1 to 175.11 mgAAE/100g while the oven dried samples had FRAP content ranged from 121.17 to 174.05 mgAAE/100g after complete drying for 72 hours each. Metal Chelating Ability (MCA) in the freeze dried samples ranged from 43.53 (seed) to 51.46% (pulp), while the Metal Chelating Ability of the oven dried samples ranged from 42.72 (seed) to 47.13% (pulp). It was recorded that the pulp contained highest amount of MCA and the seed had the lowest amount of MCA even after complete oven and freeze drying process for 72 hours each.
Among the oven dried samples, the peel of the African star apple contained the least DPPH value and the pulp the most. In the oven dried samples, the mean content of DPPH was lower (48.84%) as compared with the freeze dried samples (51.92%).
After the oven drying process of the sample parts, the pulp was characterized by the highest total flavonoid content followed by the the peel, and by the lowest fruit part of the African star apple which was the seed. The freeze dried samples on average contained highest (385.72 mgCAT/100g) amount of total flavonoid content.
DISCUSSION
Proximate composition of African star apple (C. albidium)
The three parts of the dried samples of C. albidium were low in moisture content while the fresh fruit parts of the African star apple had high moisture content (Table 1) . The high moisture content of the fresh fruit corresponds with the range of values reported for fruits and vegetables (FAO, 1968) . The moisture content of the fresh fruit was similar to that of fresh sample (71.85%) of Chrysophyllum albidium as reported by Oloyede and Oloyede (2014) . Similarly, the values for the fresh fruit parts obtained in this research were also similar to the values reported for raw African star apple fruit (70.50%) (Dauda, 2014 Adepoju and Adeniji (2012) . The moisture content values obtained for the dried African star apple fruit parts (seed, pulp and peel) as recorded in this research were lower than the value reported by Agbabiaka et al. (2013) for dried African star apple which was 14.66%. The difference observed may be due to varietal differences. Moisture content of any food is an index of its water activity and is used as a measure of stability and susceptibility to microbial contamination (Aruah et al., 2012) . The fibre contents of the fresh fruit sample parts were higher than that of fresh Chrysophyllum albidium which was 0.40% (Oloyede and Oloyede, 2014) . Agbabiaka et al. (2013) reported a fibre content of 1.22% in raw African star apple which was lower than those obtained in this research for dried sample parts of African star apple. The fibre content values for freeze dried seed shell, pulp and peel (10.06±0.14, 9.21±0.19 and 15.57±0.25% respectively) as reported by Ibrahim et al. (2017) were higher than the values obtained in this research for freeze dried fruit parts of African star apple. Adepoju and Adeniji (2012) reported the crude fibre content present in dried varieties of C. albidium (C. Acreanum; 4.5%, C. Africanum; 4.3% and C. Akusae; 4.1%) which were lower than the values obtained for both freeze dried and oven dried sample parts. The difference observed may also be as a result of varietal difference between the studied sample and that reported theses authors. High fibre content in diets have been reported to result in increased removal of carcinogens, potential mutagens, steroids, bile acids and xenobiotics by binding or absorbing to dietary fibre components and be rapidly excreted (Ayoola and Adeyeye, 2009 ).
The protein values obtained in this research for fresh fruit parts were found to be lower when compared with results found by other studies (Agbabiaka et al., 2013) . Oloyede and Oloyede (2014) reported a lower protein value (0.59%) for dried African star apple when compared to the values obtained for freeze dried and oven dried fruit parts. The protein content values for freeze dried seed shell, pulp and peel as reported by Ibrahim et al. (2017) were 8.66±0.19, 7.31±0.46 and 6.91±0.48% respectively. These values were higher than the values obtained in this literature for freeze dried fruit parts of African star apple. The protein value obtained for the dried seed and pulp were high than the value (4.0%) reported by Adepoju and Adeniji (2012) for mean protein value of dried varieties of African star apple fruit. The difference observed may be as a result of varietal difference between the studied sample and that reported by the authors. High protein content is important in the body as it helps in the replacement of worn out tissue and regulation of body metabolism. Protein deficiency causes growth retardation, oedema, muscle wasting, and abnormal swelling of the belly and collection of fluids in the body (Arnarson, 2017) .
The fat content of C. acreanum, C. africanum and C. Akusae varieties of Chrysophyllum albidium (5.6, 5.5 and 5.5% respectively) obtained by Adepoju and Adeniji (2012) were found to correspond in values the one obtained in this research for both freeze dried and oven dried pulp. Similar values were reported by Ige and Gbadamosi (2007) for fresh African star apple when compared to the values recorded in this literature for fresh sample parts of C. albidium. Oloyede and Oloyede (2014) reported a very small fat value in dried Chrysophyllum albidium and it was lower when compared to the values for dried sample parts obtained in this literature. The fat values, 8.07, 6.97 and 4.68%, reported by Ibrahim et al. (2017) for freeze dried seed shell, pulp and peel respectively were higher than the values obtained in this study for freeze dried fruit parts of African star apple.
Value for crude ash found in the fresh sample parts were similar and comparable to the value obtained for fresh C. albidium by Jayeoba et al. (2010) . Dauda (2014) recorded similar ash value (3.13%) when compared to the ash value recorded in this research. Adepoju and Adeniji (2012) also reported similar ash content from dried sample fruit parts. Ibrahim et al. (2017) reported that the crude ash for freeze dried seed shell, pulp and peel were 2.36±0.07, 2.29±0.04 and 3.27±0.13% respectively. These values were similar to the values obtained in this research study for freeze dried fruit parts of African star apple. Ibrahim et al. (2017) reported that the carbohydrate content for freeze dried seed shell, pulp and peel were 65.22±0.61%, 66.45±0.65% and 64.70±0.21% respectively. These values were lower when compared to the values obtained in this research for freeze dried fruit parts of African star apple. Carbohydrate content reported by Ige and Gbadamosi (2007) for the fresh fruit sample parts were similar to the content obtained in this study for fresh fruits of C. albidium. Similar and high value was reported by Agbabiaka et al. (2013) for dried African star apple fruit parts. Oloyede and Oloyede (2014) reported a lower carbohydrate content which was not comparable to the value obtained in this research for dried C. albidium.
Vitamin C
The vitamin C content of C. acreanum, C. africanum and C. Akusae varieties of Chrysophyllum albidium reported by Adepoju and Adeniji (2012) were found to be very high when compared to the values obtained for both freeze dried and oven dried fruit parts obtained in this research. The value of the ascorbic acid obtained in this research work was low when compared to that of African star apple reported by Adepoju (2009) . Ibrahim et al. (2017) reported that the vitamin C content contained in freeze dried fruit parts (seed; 0.12±0.01, pulp; 0.10±0.01, peel; 0.09±0.01 mg/100g) were lower compared to the values obtained in this research study for freeze dried fruit parts of African star apple. This may be due to the varietal difference and soil condition of the environment where the fruits were cultivated. Ascorbic acid is one of the major nutrients (source of vitamin C) that are obtained mainly from fruits. Apart from the sweet sensation, aroma and flavor of the ripe fruits, the nutritional point of view should also be of importance to consumers. Vitamin C is highly sensitive to a lot of conditions such as heat, light, oxygen, pH.
Antioxidant properties
The health promoting properties of plant-based foods have largely been attributed to their wide range of phytochemicals (Duke, 1992; Rahmani et al., 2014) . The result of antioxidant analysis showed that the phenolic content was concentrated in general in the pulp than the seed and the peel. The phenolic content according to Oloyede and Oloyede (2014) for C. albidum was 3146 mg/GAE/100g. This value was higher than the values of phenolic content obtained in this research finding. According to Oloyede and Oloyede (2014) , the flavonoid concentrations (mg/100g) in dried Chrysophyllum albidium is 840, the value was higher than the flavonoid concentration obtained for dried fruit parts in this research. The difference may also be due to varietal difference. The presence of flavonoids in the edible parts of C. albidum fruit agreed with the reports of Ibrahim et al. (2017) who reported the presence of flavonoids, tannins, alkaloids, saponins and terpenoids in the freeze dried pulp of Chrysophyllum albidum methanol extract. Flavonoids in fruits are important sources of natural antioxidants that are preferred over synthetic ones as they are less toxic (Ifesan et al., 2013) . Flavonoids scavenge free radicals produced by Reactive Oxygen Species (ROS) thereby preventing diseases caused by oxidative stress (Kuraś et al., 2009) . DPPH (2,2-Diphenyl-1-picrylhydrazyl) is widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors, and to evaluate antioxidant activity of foods.
Additional factors which could have an impact are the length of extraction time, the specific reagent used in the assay (the type of applied research protocol), together with other factors such as genetic and environmental diversity (climate, temperature, fertility, diseases and exposure to pests) (Wojdyło et al., 2007) .
The obtained result revealed that the fruit seed and peel were very low in antinutritional factors, and possibility of intoxication or malabsorption of nutrients from other sources when large quantity of the fruit is consumed is very much unlikely.
The freeze dried edible parts of C. albidum upon quantification by chemical analysis were found to be rich in total phenolic content, total flavonoids, DPPH, FRAP and moderate amount of metal chelating ability indicates that the edible parts of C. albidum fruit might possess antioxidant, anti-inflammatory and hypocholesterolemic properties.
Conclusion
Averagely, the highest content of antioxidant properties and vitamin C was found in the freeze dried fruit parts of African star apple. The concentrations were strongly concentrated in pulp and seed of the fruit but rarely on the peel. The pulp, regardless of the preservation method, remained the richest resource of proximate composition, vitamin C and it was characterised by the highest antioxidant capacity.
